India with a fast growing demand for electricity and increasing consideration to emissions reduction is investing strongly in renewable electricity generation. Among renewables, the Central and State Governments have set aspirational targets for on-grid solar electricity and legislated several supporting policies to realise these targets. As a result of the favourable political environment, the development of on-grid solar, in terms of the rate of growth in installed capacity, has been increasing in the recent years, and it is expected to continue in the future. This paper aims to investigate the impact of historical transitions of India's electricity sector on the ongoing development of on-grid solar electricity and to explore the prospect of solar sector development in the future. First of all, we investigate how the historical transformation of governmental intervention's approach intertwined with the gradual shift of the source of generation has paved the way for the current achievements in on-grid solar electricity. Second, we envision the future challenges and opportunities for the development of solar sector by looking ahead and discussing the continuity of government's support and the prospective competitions between different sources. We conclude the paper with some required steps to be taken in order to secure the achievement of the targets in solar electricity in the future.
Introduction
India as the second most populous country is currently experiencing a steep economic growth and subsequently, a rapidly growing energy demand. In 2012, the country was ranked as the third and fifth highest country in global energy and electricity consumption respectively [1] . Urbanisation, economic development of society, the expansion of industry and the development of new services have contributed to a sharp increase in electricity demand. The demand is expected to rise even further in the near future (see Figs. 1 and 2 ). To cover this growing demand, 20 GW of new generation capacity will be required annually by 2020 [2] . The (on-grid) installed capacity from different sources has been increased appreciably in the past couple of years. Despite the high level of electricity generation, the country still suffers from about 10% generation deficit of total electricity demand, which puts almost 300 million people with no access to electricity [3, 4] . The country's required electricity is generated in different methods: on-grid which is the main method for urban areas as well as widely used for agriculture and industry, off-grid which is more common for rural areas and captive power plants which are mostly used for industries. Electricity is also being generated from different conventional and unconventional sources. In 2014, from the total installed capacity of 255 GW [6] , the share of conventional sources is about 70%, where coal alone accounts for about 84% of it. Large hydroelectric and renewables take the second and third rank of the largest installed capacity respectively (see Table 1 ).
The importance of renewable energy in developing countries and, more specifically, in India's electricity sector, has become significantly higher in recent years (see Table 2 ). On-grid renewables are seen as a new way to address the concerns about the gap between demand and supply, energy security, energy equity with safe and convenient access and the global commitment to emissions reduction [7] [8] [9] . In spite of small share for renewables (12% of total installed capacity), India is considered generally as a successful example among developing countries in renewable electricity in terms of the annual growth of investment and installed capacity [10] [11] [12] [13] . This growth has not been uniform across different States. India has 29 States and 7 union territories with a shared social, economic, and political background. However, they have different behavioural patterns and priorities, disparate availability of potential renewable sources, flexible policies and regulations, built infrastructures and available networks. Across the country, eight States, including Tamil Nadu, Andhra Pradesh, Karnataka, Gujarat, Maharashtra, Rajasthan, Himachal Pradesh, and Jammu & Kashmir, account for 80-90% of existing total renewable capacity in the country. Among them, Rajasthan and Gujarat are top two States with the highest installed capacity for on-grid solar (PV), and Tamil Nadu and Gujarat are two top States for wind power [14] .
In 2011, the growth of renewable investment was (about 62%) higher compared to 2010. Most of this investment has come to wind ($5.9 billion) and solar ($4.7 billion) sectors as they have been the top priorities of the government [17] . Wind has the highest capacity of ongrid electricity, and solar has the highest annual rate of growth since 2012. Wind electricity is a closer option to grid parity which makes it more affordable compared to solar electricity. However, most of appropriate sites for wind farms have been exploited which may limit the rapid expansion of wind energy in future to some extent. On the other hand, solar electricity benefits from large potential solar radiation (annual average 19-22 MJ m −2 per day [18] ) and available lands which are mainly unexploited. The price of solar technology is also falling which makes it more competitive in the near future.
Considering the growing importance of solar electricity in India, this paper aims to review the development of India's on-grid solar electricity. Several previous researches have studied the development of the Indian renewable electricity sector in general, and solar electricity in particular, from different perspectives [19] [20] [21] [22] . We differentiate our review from the previous studies by investigating the development of solar electricity as the continuation of historical transitions in the whole electricity sector. India's electricity sector has experienced at least two major transitions so far: the first is a transition from a State-owned sector to a State-influenced liberalised sector and the second is a transition from conventional to renewable sources of energy for electricity generation. These historical transitions with several institutional and structural changes have laid the ground for on-grid solar electricity development. The paper seeks to answer: how has the ongoing development of solar electricity been built upon the privatisation of electricity sector and the empowerment of renewable energy in the past? Moreover, it intends to discuss: how will the future look for on-grid solar electricity based on the prospect of its driving forces?
The main method used in this paper is the review of documents with a theoretical heuristic and supported by three groups of facts: raw facts, stylised facts and inferred facts.
1. 'Raw facts' are the data collected from the review of the documents.
They are the numbers or exact qualitative statements (which are cited to their references). The documents are scholarly articles and reports that have been published in academia, international energy organisations [11, [23] [24] [25] and the Indian government bodies (e.g. Ministry of Power [26] , Planning Commission [27] , Central Electricity Authority [3] , Government of India [28] [29] [30] ). Some data required for this review (data associated with the very recent developments) are collected during the 1 st Re-Invest Summit, which was held in New Delhi, February 2015. 1 2. The collected data are categorised and structured in a stylised manner with a theoretical heuristic in sustainability transitions field [31, 32] . The theory is not explained here as it is out of the scope of the review paper and has been discussed before [33, 34] . It generates 'stylised facts'. They are qualitative storylines (instead of rigid raw data) for a better interpretation of data to readers. 3. And at the end, the inferences about the prospect of solar sector and its challenges are made by looking over the whole storyline as well as by using the recent discussion in the 1 st Re-Invest Summit around the future of the Indian electricity sector. They are 'inferred facts'.
The rest of the paper is structured as follows. In Sections 2 and 3, Table 2 The growth of different on-grid renewable options in MW [15, 16] . 2. Transition in the governmental interventions: from a purely nationalistic to a partially liberalised approach
The development of India's renewable electricity does happen neither in a pure liberal market economy (like the U.S.) nor in a government-controlled state capitalism (like China) [35] . It should be explained in a specific condition or as we call it in a State-influenced niche empowerment [34] . In this condition, solar electricity is empowered from inside and by the interactions of self-interested private sector's actors who decide to invest on renewable options based a costbenefit analysis. About 77% of total 31 GW of installed renewables (in 2014) are run by private entities [3, 14] . They operate in a semi-market economic condition and are also influenced by command-and-control and market-based policies of the Central and State Governments [36, 37] . However, the way that electricity market is currently working is different from how it worked before. The partially liberalised approach is the result of long-term transition from a government monopoly in 1950s towards the privatisation of the electricity sector in 1990s. Based on the discussion on the political economy of the Indian electricity sector's reform by Victor, Heller [38] , this structural transition can be divided into three main phases as follows.
Phase 1: towards State-owned enterprises, a socialistic view (1950s-1960s)
The growth of India's electricity sector can be traced back to postindependence time in 1947, when the Government of India enacted the 1948 Electricity Act [39] . Taking a socialistic stand, Jawaharlal Nehru's Government made both the Central and State Governments constitutionally responsible for power sector (the concurrent list of the Constitution 2 ) in the 1948 Electricity Act. Accordingly, the government formed State-Owned Enterprises (SOEs) involving in the development and operation of power sector and also established State Electricity Boards (SEBs) responsible for regulating generation, transmission and distribution of electricity. SOEs, due to their governmental ownership, were not working efficiently. They were being continuously fed by different support schemes in form of grants and subsidies. Because of the SOEs' lack of performance, States were facing widespread blackouts during 1970s [38] . The governmental ownership had another symptom, and that was the high dependency of SEBs on the State Governments' funding and subsequently, the highly politicised decisions of SEBs in setting tariffs for different users.
Phase 2: towards centralisation, a nationalistic view (1970s-1980s)
The Central Government responded to the problems caused by the high dependency to States by increasing the central control on the electricity sector. This was coincident with Prime Minister (PM) Indira Gandhi's nationalistic policies in different sectors. This period led to the establishment of some public-owned generation and transmission companies, such as National Hydroelectric Power Corporation (NHPC) for building large hydro projects and then National Thermal Power Corporation (NTPC) 3 for generating electricity from coal in 1975. 4 At this time and till 1980s, the country was experiencing a moderate economic growth of about 5% more than the population growth which was mainly due to government expenditure and external debt [1] . This growth demanded more investments in electricity generation, transmission and distribution. The increase in the government expenditure was at the same time with the 1970s' oil price shocks and large subsidies to agricultural irrigation for securing food supply, which both put additional burdens on the government [38] .
2.3. Phase 3: towards privatisation, a reformist view (1990s-present)
The government expenditures and external debt left the country in a severe financial crisis in 1991 with having foreign exchange reserves to just a few of days of import [40, 41] . SEBs were also the largest drain for the States' budget, making the State Governments unable to continue their support in late 1980s. This situation was approximately at the same time as the strong economic growth in China with the interaction of institutions and market forces as its main driver.
The big deficit in budget in early 1990s made the reformist Central Government to conduct reforms in the country's economic system. Power sector in particular was suffering from a financial crisis and the inability to provide the required infrastructures. The structural reform in power sector was aimed to raise some financial resources and to immediately target the existing shortage in power capacity [42] . The government carried out a major institutional change (i.e. 1991 amendment in 1948 Electricity Act) and encouraged disinvestment, private sector investment and foreign investment to boost Independent Power Plants (IPPs) [43] . The involvement of private sector was allowed with a specific tariff and the 16% guaranteed rate of return. From mid 1990s, the State-level restructuring of SEBs into generation, transmission and distribution (i.e. functional unbundling) and selling them to independent (private or regulatory) actors were also started. The unbundling process was facing resistances from labour unions who were opposing governmental job cuts and also from farmers who were opposing an increase in price of cheap electricity [38] . At the end, the outcome of this period was the establishment of independent regulatory commissions (Central Electricity Regulatory Commission (CERC) and State Electricity Regulatory Commissions (SERCs)) for setting electricity tariff for consumers without the direct influence of the State Governments.
While the reform was satisfactory at the beginning, it did not end up successfully in 1990s. Many letters of intent from private sector were submitted, but no significant actual investments were made, and NTPC remained the main supplier during 1990s [38] . Moreover, due to the guaranteed and high rate of return, the mentality of "power at any cost" was encouraged which left the government alone with some expensive projects. It was in early 2000s that the involvement of private sector started to become significant following the enactment of the Electricity Act 2003 by the Central Government [30] .
Transition in the source of electricity generation: from conventional to renewables
Much of the growth of electricity sector can be attributed to postindependence period. It can be mostly described as a competition between conventional systems (including coal, gas, oil, nuclear and hydro) and renewable systems (including wind, bioenergy and solar). The transition from conventional to renewables can be divided in three 2 Concurrent list is 47 items which the both Central and State Governments are supposed to act together about. 3 NTPC extended its mission to hydro power, power trading and consultancy, and having its own transmission lines and turned to a united national entity on power sector with 27% of total electricity generation in 1990s. 4 Although NTPC was partially (10.5%) sold to investors and public institutions later in
2004.
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phases as follows [34] .
Phase 1: a capability building approach to renewables (1970s-1990s)
Till 1970s almost the whole electricity sector was supplied by conventional systems, including large hydro power and coal, and there was no presence of renewable electricity [44] . To give an overview, in 1974, the electricity demand was about 63 billion kWh which was being supplied by the total installed capacity of 16.7 GW, all owned by the Central and State Governments [1] . From this total capacity, 51% was operated with coal, 2% with gas and diesel, 4% with nuclear, 42% with large hydro and 0% with renewables (i.e. wind and solar) [1] . However, the 1970s' oil price shock and awareness for energy security, along with the early 1990's financial crisis and the engagement of private sector in infrastructure development triggered a transformation towards renewable sources [42] . To facilitate this transformation, the government stepped in and devised supporting policies, such as 80% accelerated depreciation for wind projects to encourage manufacturing and installed capacity, as well as to create a competitive electricity market for private investments [15] . This was a 'capability building approach', a similar government's standpoint for the early-stage development of renewables in developing countries [45] . This phase was marked by a sharp increase in total installed capacity for renewables, mostly for wind. This phase, however, was not successful for generation due to the low capacity factors of the installed facilities [46, 47] .
Phase 2: a generation motivating approach for renewables (2000s-present)
The growing concerns about energy supply and energy security aligned with the supporting policies made a change in the share of different electricity generation systems during Phase 1. In 2002, from the 105 GW total installed capacity, 71% was from conventional including coal, gas and diesel, 26% was from hydroelectric power, 3% was from nuclear power, 2% was from wind power and another 0.3% was from other renewables including on-grid solar and biomass [3, 4] . However, during the subsequent years after Phase 1, some other concerns also mattered. They were the lack of satisfying exploitation from installed renewables and the rise of energy equity and energy convenience in the country. These concerns drove another wave of transformation, this time mainly with the support of generation-based incentives such as Feed-in Tariff (FIT) and Renewable Purchase Obligation (RPO) (Electricity Act 2003 [30] and National Tariff Policy 2006 [28] ) [15] . The government also made explicit targets for grid-connectivity (e.g. 5% on-grid renewable by 2012 in 10 th and 11 th Five Year National Plans) in order to improve the convenient and the same quality access to electricity [48, 49] .
Phase 3: a solar-oriented approach (2008-present)
The emphasis on generation-based policies and grid-connectivity intensified the reorientation of India's electricity sector towards renewables. In 2007, from the total installed capacity of 132.3 GW (which was increased by 700% compared to the capacity in 1974), the share for coal, gas and oil was 65%, for hydro power was 26%, for wind power was 5%, for on-grid solar power was 0.1%, for other renewables (ongrid biomass) was 0.8% and for nuclear was 3% [3, 27] . Another major transformation took place in 2008 in order to deal with the escalating emissions as the side effect of the country's steep economic growth. This phase was started by the announcement of the National Action Plan on Climate Change (NAPCC) in 2008 [50] and Jawaharlal Nehru National Solar Mission (JNNSM) in 2010. They triggered the resurgence of on-grid solar in the electricity sector. The JNNSM targeted 20 GW installed capacity for on-grid PV and Concentrated Solar Power (CSP) by 2022 [29, 36] . It also proposed generation-based policies for Table 3 The description of policy instruments influencing the solar sector in India [14, 15, 36, 52, 57] . Table 3 ). While some issues persisted in timely implementation of policies, the overall policy framework has been found generally influential in motivating private sector's participation and in boosting on-grid solar electricity [52] . The impact of this phase was that in 4 years after the JNSSM, the share of on-grid solar grew by 10 times (0.1% in 1010 to 1% in 2014). By 2014, from the total installed capacity of 249.5 GW [6] , the share for conventional sources was 69%, for hydro power was 18%, for wind power was 8%, for on-grid solar power was 1%, other renewables was 2% and for nuclear was 2% [3, 27] .
The resurgence of on-grid solar PV and Concentrating Solar Power (CSP)
The potential national capacity of solar power is about 750 GW [53] , one of the highest in the world, but it had not been exploited until the JNNSM was officially launched in 2010. The JNNSM is a remarkable initiative in solar sector to secure a significant share for on-grid solar electricity in India's energy basket in future. It must be followed by all States, while they can have their own policy programs [54, 55] . This is also a dynamic program, which is amended and updated as time passes and the results of previous steps are identified.
In response to this initiative, on-grid solar installed capacity has exponentially increased from 2 MW in 2007 to 1000 MW in 2012, to 2200 MW in 2014, to 3000 MW in early 2015 and to 5200 in early 2016 [14, 56] . While the first triggers started during PM Singh's Government, the resurgence should be mainly attributed to PM Modi's Government which increased the JNNSM's target from 20 GW to 100 GW on-grid solar installed capacity by 2022, comprising 40 GW rooftops and 60 GW solar power plants. This rapid increase of installed capacity aligned with the supporting political condition, especially in the government elected in 2014, can be seen as a trigger for the resurgence of solar electricity.
Several policies, ranging from generation-based to capability building policies, have been devised to achieve the solar targets. A summary of these policy instruments is provided in Table 3 .
The JNNSM is being implemented in three phases [29] : Phase I: The first phase was from 2010 to 2013 and targeted 1000 MW (500 PV and 500 CSP) installed capacity for creating an initial market for solar power by bringing investors, EPC contractors and manufacturers together. The private sector role was significant in the installation of PVs during the first phase though they did not respond the same to CSP. This phase was commissioned in Batch I and Batch II with different tariffs auctioned in a reverse bidding process. The expensive generated solar power was bundled with coal power from NTPC in order to make it affordable for distributors. Phase I also mandated Domestic Content Requirement (DCR) to protect domestic manufacturing. According to this policy, developers had to buy locally manufactured PVs made by crystalline silicon technology, but it was not applied in thin film technology due to lack of enough experience/ manufacturers. This policy is argued among experts as being ineffective since it directed developers toward cheaper thin film imported from the US and China [14] .
Phase II: The second phase started in 2013 and will continue till 2017, with an aim to facilitate a substantial increase in on-grid solar installed capacity. Some changes in national targets and policy initiatives have been made based on the preference of Modi's government and experiences from Phase I. In Phase II, more attention is given to solar PV (70% of the target) as CSP was not supported by developers during the first phase. The State Governments also became responsible for 60% total installed capacity in Phase II. The MNRE has announced three draft schemes for the second phase. In Batch I, the scheme aims for 750 MW on-grid solar with Viability Gap Funding (VGF) in a competitive reverse bidding process for project developers (no feed-in tariff). In addition to VGF which is as a capital subsidy, the Solar Energy Corporation of India (SECI) 5 also guaranteed to buy the generated electricity from providers at a fixed rate and also to sell it to distributors for fixed rates over the long-term. For Batch II, the MNRE has proposed a State-specific bundling scheme for the development of 3000 MW solar power projects, performed by NVVN. For Batch III, a State-specific VGF for development of 2000 MW solar power with PPA agreement for 25 years operated by SECI was proposed [14] . Phase III: The third phase will be from 2017 to 2022 which aims to reach a cumulative 100 GW installed capacity and grid parity. The intended on-grid solar electricity includes large grid solar plants as well as grid-connected rooftop and small solar plants. No further details of the proposed policies to support the targets in Phase III have been revealed yet.
Several projects have been commissioned or planned in order to achieve the targets defined in the JNNSM. The MNRE has announced the goal to achieve a large share of the targets with Ultra Mega Solar Projects (UMSP) [14, 58] . Charanka Solar Park in Gujarat is a commissioned UMSP with the capacity of 605 MW, and the MNRE has planned to install another 25 solar parks with 500 MW capacities each by 2020. The targets are also going to be satisfied at smaller scales. It is planned to support the installation of 40 GW solar PV rooftops in the next five years. While the rate of generated electricity from solar rooftop is already economically viable, the government has provided subsidies (15%) to make them more attractive for home owners and industrial and commercial users to invest. The MNRE also encourages solar PV plants between 1 and 10 MW on canal tops. The Central Government has planned to build 100 MW solar plants on canals by 2022 [29] . Currently, two of them have been commissioned, both in the State of Gujarat, one with 1 MW on Sanand Canal and the other 10 MW on Narmada Canal [14] . About 7000 MW solar plant projects have also been planned by Public Sector Units (PSUs) such as the Indian Railways and Coal India Limited [59] . A 12 MW solar power project was installed at the international airport of Co Chi (State of Kerala) and it has become the first airport in the country fully operated by solar power. Making these data available assists financial institutes to easily collect the required site specific insolation data for investment assessments. This is the expansion of Solar Radiation Resource Assessment (SRRA) which will help developers to better justify the projects. Viability Gap Funding (VGF) VGF is a capital subsidy which provides a grant funding to reduce the upfront capital costs of installed capacities. MNRE proposes VGF in a reverse bidding process to developers. 5 SECI is a government-owned company which supervises the implementation of the JNNSM.
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5. Discussion
The impact of historical transitions on the empowerment of ongrid solar electricity
One question raised at the beginning of the paper was: how has the ongoing development of solar electricity been built upon the privatisation of electricity sector and the empowerment of renewable energy in the past? The review of the historical transitions in governmental intervention's approach and in the source of electricity generation can answer this question.
The historical transition towards a partially liberalised electricity sector laid the ground for the realisation of aspirational solar targets. The Government of India has targeted 100 GW solar electricity by 2022 which demands $100 billion investment in solar sector [57] . While the government can invest an initial amount as an impetus towards achieving this target, a huge investment from private sector, foreign investors and Public Sector Units (PSUs) is still required to fully realise solar targets. The transition of governmental intervention's approach facilitated the inflow of the required investments. It allowed the involvement of the private sector and 100% foreign investment in solar projects. Unbundling of the electricity sector (reflected in the Electricity Act 2003), as another outcome of the transition, has also encouraged further private sector's participation. These institutional and structural changes have attracted a large number of private sector actors to India's renewable electricity; most of them to the generation side of the sector (see Fig. 3 ).
As the continuation of this historical transition, several sources of foreign investment were planned to support renewables including solar. They include US$ 240 million (₹1600 Crore) loan from Japan International Co-operation Agency, US$1 billion (₹6500 Crore) loan from US Ex-Im Bank and US$ 110 million (₹700 Crore) from Agency Francaise de Developpement of France [59] . Many private investors have become interested to invest in solar electricity. They comprise private financial institutes such as Power Finance Corp (PFC), Indian Renewable Energy Development Agency (IREDA), ICICI Bank, Yes Bank, etc. In addition to private investors and foreign investment, PSUs, which used to be parts of conventional regime, are also investing in solar sector now. They can invest their surplus funds in solar electricity to use its depreciated/exempted tax benefits. PSUs have planned for about 7000 MW installed solar in the next few years. Two of them in particular, namely NTPC and Coal India Limited (CIL), have agreed to invest for 3300 MW and 750 MW solar electricity respectively [59] . They are privileged to have modern management system (which enables them to include renewables in their business portfolio) and access to the energy market (which provides payment security).
Though transition towards privatisation has largely influenced the current state of on-grid solar on generation side, the transmission and distribution have remained mostly untouched. Transmission and distribution are not attractive for the involvement of private sector and are left as a responsibility of the State and Central Governments. This is because they require substantial investment in capital which is shared with public infrastructures. The income from transmission and distribution is also highly uncertain due to the theft of power, about 30% transmission and distribution losses and cross-subsidisation (which provides almost free electricity to farmers in Andhra Pradesh and Punjab and cheap electricity in other states and territories).
In addition to market privatisation, the broader historical transition of electricity sector towards renewable sources along with the new societal needs gave a momentum to the development of on-grid solar. Before 1990s, the major concern of the electricity sector was to address the widespread energy poverty across the country in the most affordable way. The development of hydroelectric and coal in the early years after independence was a response to this need. However, the gradual emergence of new societal needs including energy security, energy convenience and emissions reduction shifted the competition between different sources of electricity generation and ended up supporting ongrid solar development in the past 4 years. As soon as a consensus on energy security was formed in electricity sector in 1990s, the importance of renewables as a valuable substitute was realised. The emergence of energy equity and convenience in the late 1990s also pushed the growth of renewables towards on-grid renewable option such as wind power and small hydro. While on-grid solar benefited from this positive atmosphere, it could not get a significant share from this growth till late 2000s [4] . This has been mainly due to the high cost of solar technology compared to its conventional (such as coal) and renewable (such as wind) competitors. However, after 2008 and by the emergence of emissions reduction as a new societal need, the Central and State Governments targeted on-grid solar as a zero carbon energy solution and made long-term support for that [50] . This paved the way for investing on solar and opened a window of opportunity for that in India's established energy regime.
The prospect of on-grid solar electricity
While looking into historical transitions is necessary to understand the current development of solar electricity, considering the current state of the electricity sector and its uncertain driving forces in future is also insightful. This can answer the second question raised in Section 1: how will the future look for on-grid solar electricity based on the prospect of its driving forces?
The first important driving force affecting solar electricity is the prospect of competitions among hydro, nuclear, fossil and renewable sources in the electricity sector:
• The major growth in hydro power goes back to the socialistic policies of Jawaharlal Nehru's Government . Since that time, there has been no significant growth for hydroelectricity, and hydro has been experiencing a decreasing share in total electricity generation [3] . Therefore, in future it is not expected to see a significant role for large scale hydro power in competition with different electricity sources in India.
• Nuclear energy was also standing in the similar situation till recently. The development of nuclear power had been limited since 1970s due to the country's nuclear test and the concern regarding military exploitation as well as the lack of domestic uranium reserves. The 2011 Fukushima's nuclear disaster in Japan also damaged public opinion. However, it is expected that nuclear power will rise again as a competitor to renewables in the near future. India envisages increasing the share of nuclear power to 9% of total electricity generation by 2020. In a recent initiative, the State of Tamil Nadu inaugurated Kudankulam Nuclear Power Plant in 2013. The government has recently made some agreements to move towards this target, most importantly the U.S.-India Civil Nuclear Agreement for fuel and technology trade [60] and the AustraliaIndia Civil Nuclear Agreement for importing uranium from 
E.A. Moallemi et al. Renewable and Sustainable Energy Reviews 69 (2017) 239-247
Australia [61] . Such international cooperation can facilitate the development of nuclear power in the future and make it a costcompetitive alternative to conventional sources, in terms of the levelised cost of electricity.
• The falling oil price is another disruptive force for the future of solar power. The downturn in global price of oil and gas since mid-2014 has motivated investors and large energy companies to continue power generation with fossil fuels. Indian energy sector can be influenced also by the recent the Iran Nuclear Deal. The lift of international sanctions and Iran's oil exports to India, as one of the major customers of Iran's oil [62] , can create an unfavourable atmosphere for renewable sector. While the government feed-in tariff and carbon taxes can alleviate the current unfavourable situation for generation with renewables, they may adversely affect the global investment on renewable technologies as well. The falling oil price can slow down the R & D in solar technologies and would impede the falling price of solar PVs in the next coming years.
• The last disruptive force expected to influence the future of solar is the huge reserves of coal (294 billion tonnes) in India. The problems with India's coal are the long-distant transportation (due to the concentration of coal on the eastern part of the country) and the poor quality of typical coal in India which cause environmental degradation. However, India needs about 445 GW additional installed capacity by 2034 [63] . Looking practically, renewables are not able to solely meet this huge demand. It can be expected that coal will remain the preferred option in electricity generation in long-term future due to the sunk investment and its abundant and low cost resources in the country.
The second important driving force is the continuity of political support for renewables. The major hindrance to electricity sector's transition is the lack of sufficient and consistent social and political support, rather than purely technical issues. The Central Government is determined in shaping this consistency for the future of renewable electricity sector, especially for solar sector via different national and international initiatives. Some evidences for continuity of political supports are discussed as follows:
• In the first step, the Central Government hosted the biggest event for renewable investors at the Re-Invest Summit in New Delhi in February 2015. Though the meeting was about the future of all renewable sources, it mainly aimed to mobilise resources for the future of the solar sector. The Re-Invest Summit can be seen as a turning point for solar since it linked manufacturers, developers and investors, and also brought together different Ministries (stakeholders) engaged in the development of renewables. The government is also running another campaign, called 'Make in India' to encourage the domestic manufacturing of technologies, including wind turbines and solar PVs. This type of national campaign is shaping a supporting social and political environment for the solar sector, bringing consensus between stakeholders and attracting local and international investors to the sector in the future.
• The Government of India has significantly raised the target for solar electricity to 100 GW by 2022. This is, what has been referred to as, the change of mind-set "from thinking in MW to thinking in GW" 6 when it comes to solar electricity. The government needs to maintain the continuity of its previous supports and also to start new initiatives. With this respect, the government has announced Power Purchase Agreement and Viability Gap Funding as two important policy tools for realising the on-grid solar electricity targets. The government has requested the Ministry of Power to increase the RPO for solar to 10.5% in order to ensure attaining the 100 GW goal by 2022. The MNRE also has announced the installation of four Ultra Mega Solar Power Plants (UMSPPs) as well as 25 projects, each of 500 MW, by 2020 [59] .
• The US President's visit to India in 2015 with a joint commitment for emissions reduction can be seen as another landmark for solar electricity. It shapes a more favourable political support for the future of renewables and solar in particular. Both countries agreed on the partnership to advance clean energy research which includes funding for research in three main areas including solar energy. The US Trade and Development Agency (USTDA) and the US Overseas Private Investment Corporation (USOPIC) agreed to provide loans for the Indian clean energy projects. The Export-Import Bank of US was also committed to financing clean energy projects with IREDA [59] .
• The Indian government's pledge in the 2015 Conference of Parties (COP21) in Paris and then its ratification in 2016 can form a clear international commitment and also a political determination for a low carbon future in India. The consensus made in COP21 has made parties to transform energy sector and to move towards renewable sources through nationally-determined low carbon pathways. In this case, no matter how much cheap coal reserves a country such as India has and whether it is economical to generate renewable electricity or not, emissions reduction is a binding commitment. This commitment can shape a virtuous cycle and give further momentum to the development of the Indian renewables sector.
Challenges ahead for on-grid solar sector
While there has been great effort in promoting solar electricity, some major concerns still persist, which need to be addressed. The first is the necessity of boosting solar energy manufacturing units. India is currently capable of manufacturing the module segment of solar PV but is still dependent on foreign technologies in silicon, wafer and cell segments. The JNNSM has introduced policies for supporting manufacturing sector by imposing restrictions on the import of crystalline silicon technology. However, this policy has been criticised as it has failed to achieve domestic manufacturing, and instead, has pushed developers towards the import of cheap thin film modules (alternatives to silicon) from the US and China [14] . Import substitution and proactive localisation of renewable energy technologies have been suggested as directional industry strategies to address these concerns based on the expereinces from developing countries [64] .
The second is the necessity to deal with cross-subsidisation in order to make solar generated electricity more attractive for users. In many States, the current industrial and commercial tariffs are high enough to get solar power (bundle price in PPAs) to grid parity. It can be seen as an opportunity to justify solar electricity between users. However, the distribution companies may not be willing to feed solar power into the grid as they lose the high paying consumers (industrial and commercial) and just remain with agriculture and household users who pay much less according to the pre-defined tariff.
The last but not the least is the necessity to make some existing policies effective for the solar sector. RPOs and RECs are two important policies that should become more effective. Since most of distribution companies are State-owned, RPOs legislated by the Federal Government are not fully enforceable at State level [14] . The MNRE and Ministry of Power also cannot take effective action without the support of the State Governments. What needs to be done is that SERCs specify obligatory RPO regulations and mandate distribution companies to comply with them. There are, however, some successful stories such as Chhattisgarh and Tamil Nadu Governments' enforcements that obliged entities to meet RPOs. Due to the lack of enforceable RPOs, there is no demand for RECs accordingly, especially when the floor price for REC is higher than the estimated cost of generation of solar electricity (according to [14] ). An established market for REC trade with a reasonable price can address this issue. In order to assess the effectiveness of policies, a modelling approach called 'transitions modelling', has been introduced in the literature [65] . The implementation of this approach in India's electricity sector can be a future potential investigation towards the quantitative assessment of solar policies [66, 67] .
Conclusions
The recent growth in on-grid solar electricity cannot be fully understood unless by analysing the historical transitions in electricity generation that have laid the ground for this growth. In order to explain the resurgence of solar PV electricity in India, this paper reviewed the transitions in governmental intervention's approach and in the primary energy source of electricity generation. On the one hand, the gradual emergence of societal needs in electricity sector from satisfying energy demand with conventional sources to reducing emissions with gridconnected renewables has legitimised the development of on-grid solar electricity generation. On the other hand, moving towards partially liberalised electricity market has allowed private sector to invest in solar electricity generation and to assist the government in removing the investment barriers.
While historical transitions explain the ongoing rise of solar power in India, looking into the future is still required to envision the prospective dynamics and to secure its continuous growth in the future. The second objective of the study was achieved by envisioning the situation of solar electricity sector with respect to two major driving forces. The first one was the prospect of competition among hydro, nuclear, fossil fuels and renewable sources. It was concluded that while renewables are expected to grow exponentially, the future of electricity generation in India (at least till 2022) can be still dominated by coal, and any plan and target for the electricity sector should take that into account. The second driving force examined in this paper was the political support for renewables and their continuation in the future. It is likely that solar electricity can rapidly grow under current conditions as the government has appeared supportive of renewables. Arranging international meetings for attracting foreign investments to the sector, increasing the targets for on-grid solar to 100 GW and engaging in international partnerships addressing climate change issues are the evidences of this supportive political environment.
